OBJECTIVES-To examine the prevalence and type of disability in the oldest-old (90+), the fastest growing age group in the US.
INTRODUCTION
Disability is a critical issue for today's society with major social and economic consequences (Guralnik et al., 1996) . Increases in life expectancy have posed new challenges to physicians and researchers trying to maintain active life and help prevent disability. Because of their advanced age, the oldest-old (90+) have a high risk of disability, and few studies have measured the extent and type of disability experienced by this group.
Defining disability can be difficult, as it is a combination of numerous social, cognitive and physical factors. Researchers often disagree as to the best practical definition for disability (Iezzoni and Freedman, 2008) , even though the underlying concept remains the same. The most common definitions involve an individual's difficulty performing Activities of Daily Living (ADLs) (Katz et al., 1963) . However, there is a disagreement as to how much difficulty is required for a person to be "disabled". Some studies define disability as any difficulty performing one or more ADLs (Liao et al., 2001; Manton et al., 2006a; Waidmann and Liu, 2000a) . Other studies (Crimmins et al., 1997; Nybo et al., 2001a; Schoeni et al., 2001 ) use more exclusive criteria, which require that help be needed to perform the ADL. Additionally, help on more than one ADL may also be required to be defined as disabled (von Strauss et al., 2000) , creating an even more exclusive definition. Moreover, some studies do not examine ADLs, but rather make use of independent measures of functional abilities such as reading, lifting a weight, climbing stairs or self-care (Freedman and Martin, 1998; Sagardui-Villamor et al., 2005) . A study recently examined methodological differences in disability research and found that studies often differed not only in their definition of disability, but also in the inclusion of the institutionalized population and the age standardizing of results (Freedman et al., 2004) . Not surprisingly, these discrepancies dramatically affect disability estimates, and lead to difficulty of between-study comparisons.
The examination of disability trends in the oldest-old has been limited by the difficulties in locating and recruiting subjects of this advanced age. These difficulties have led to incongruity in the literature. Studies examining the oldest-old have found widely differing estimates of disability, ranging from less than 25% (von Strauss et al., 2003b) to over 70% (Waidmann and Liu, 2000b) . Because the oldest-old are the fastest growing age group in the US, disability in this group represents a tremendous financial burden that likely will continue to increase in the coming decades (Bhattacharya et al., 2004) . Therefore, the objective of this study is to determine the extent and type of disability present in the oldest-old by using data from The 90 + Study.
METHODS

Study Population
Participants were from The 90+ Study, a population-based longitudinal study of aging and dementia in persons aged 90 and older. These subjects are survivors from The Leisure World Cohort Study, an epidemiologic investigation of a retirement community in southern California (Leisure World) initiated in the early 1980s. The cohort is primarily Caucasian, well-educated, upper middle-class, and mostly female (66%) (Paganini-Hill et al., 1986) . The 1,151 individuals still alive and aged 90 and older as of 1/1/2003 were eligible for participation in The 90+ Study. As of January 1, 2007, 949 participants had been recruited to the study. Of the 202 participants not recruited into the study, 63% refused participation, 37% were unable to be contacted. Of these 949, 785 (83%) had a functional abilities questionnaire completed by an informant. A total of 697 (89%) had the questionnaire filled out completely and correctly and were included in the disability analysis. Because disability information could not be obtained on participants who were not recruited or had incomplete or missing functional abilities questionnaires, their exclusion could have created a biased sample. We compared the 454 people who were excluded to the 697 people who were included in the study. The 454 excluded participants did not differ in male/female ratio or education level (only 246 had education information), but they were slightly older (mean age: 95.4 years vs. 94.9 years, P <. 05). A flow chart of participants included in the analysis is shown in Figure 1 .
Measurements
All participants in The 90+ Study were mailed a questionnaire regarding demographics, past medical history, and medication use. Participants were asked to identify an informant, a person who would be able to provide researchers with information about their functional abilities via mail and telephone. A questionnaire was mailed to the informant asking about the participant's functional abilities. In 59% of the cases, the informant was a son/daughter or son/daughter-inlaw. Other informants included siblings, neighbors or paid caregivers (17%), spouses (7%) or some other (17%). This questionnaire included the Katz index of ADLs (Katz et al., 1963) , which is one of the most widely used scale for measuring disability with well established reliability (Sheikh et al., 1979) and validity (Asberg, 1988; Hulter Asberg, 1987) . Written informed consent was obtained from all participants or their surrogates. The Institutional Review Board of the University of California, Irvine, approved all procedures.
Determination of ADL difficulty and ADL dependency
In order to be able to compare our study with other investigations, the data from The 90+ Study were examined using two different definitions: ADL difficulty and ADL dependency. Both definitions were based on information obtained via an informant questionnaire. ADL difficulty was defined as difficulty with or needing help in performing one or more ADLs (feeding, dressing, bathing, toileting, transferring, and walking indoors). In contrast, ADL dependency was defined as needing help from another person in order to perform one or more ADLs. These two definitions are not mutually exclusive, but instead, represent two common definitions of disability in the literature. Thus, a person requiring help on one or more ADLs was categorized as having both ADL difficulty and ADL dependency. Participants who used technological assistance (hearing aids, walkers, etc.) to overcome an ADL difficulty were not included in the ADL dependency category unless they also required help from an individual, but these individuals were included in the ADL difficulty category.
ADL difficulty and ADL dependency were defined using six ADLs, however the original ADLs defined by Katz (Katz et al., 1963) were modified to include the ability to move indoors in place of measuring continence. Katz's ADLs included both "toileting" and "continence", but because both measure similar functional abilities, this substitution has been made by other studies examining disability as well (McGuire et al., 2006; Schoeni et al., 2001; Waidmann and Liu, 2000a) in order to both measure a broader range of functional ability and to include a measure of moving/walking.
The definitions of ADL difficulty and ADL dependency did not include the requirement that the difficulty remain present for three months, a requirement sometimes included in studies of younger age groups (Manton et al., 2006b ) The addition of a duration criteria would presumably prevent temporary disability from becoming a factor in the prevalence values that assume chronic disability. Whereas recovery from disability is reported in some studies (Hardy et al., 2005; Hardy and Gill, 2004) , these studies do not include many oldest-old participants, who are much less likely to recover from disability than are younger participants.
Determination of Institutionalization
Because The 90+ Study is a population-based cohort, many of the participants reside in skilled nursing, assisted living or other retirement facilities. In order to determine institutionalization status, an "institution" was defined as a facility that provided 24 hour medical care if needed. By this definition, both board and care facilities and assisted living facilities were included as "institutions".
Statistical Analysis
ADL difficulty and ADL dependency prevalence values were calculated for age categories (90-94, 95-99, 100+) . Chi-square values were calculated for risk variables for both ADL difficulty and ADL dependency. Individual ADL problems were examined based upon the level of help required. The effects of age, gender, education and institutionalization status on the prevalence of disability were assessed with logistic regression using SAS Version 9.1.
RESULTS
Baseline characteristics of the 697 participants are seen in Table 1 . The sample consisted of mainly women (77%) who were highly educated (only 8% had less than a high school education) and mostly non-institutionalized (43% lived in an institution). Table 1 also shows the prevalence of ADL difficulty and ADL dependency in participants by group, including age, gender, education, and institutionalization status. Chi square and p-values were calculated for individual disability risk factors and are listed in Table 1 .
The prevalence of ADL difficulty and ADL dependency by age are displayed in Figure 2 . Across all ages, 51% of participants had difficulty with 5 to 6 ADLs, whereas 28% reported dependency on 5 to 6 ADLs. In the youngest age group (90-94), 29% of participants had no ADL difficulty. However, in the oldest age group (100+), only 3% had no ADL difficulty with the vast majority (82%) of participants having difficulty in 5 to 6 ADLs. Similar trends were observed with ADL dependency, as 21% of 90 to 94 year old participants were dependent on 5 to 6 ADLs, and 48% in the 100+ age group.
Figure 3 summarizes the extent of disability for specific ADLs. 70% of participants reported difficulty with walking, making it the most prevalent ADL with difficulty. Interestingly, walking was the least common ADL causing dependency with only 27% needing help with walking. Only 48% of participants had difficulty with feeding themselves making it the least common ADL with difficulty. Bathing seemed to require the most help from another person, as 51% of participants were dependent.
The results of the logistic regression analysis are summarized in Table 2 . Regression models were examined using both ADL difficulty and ADL dependency as outcome variables. Model 1 included age, sex and education and Model 2 included age, sex and institutionalization. Increased age, being female and residing in an institution were significant risk factors for both ADL difficulty and ADL dependency, whereas education was not associated with either ADL difficulty or ADL dependency. Because both increased age and being female were significantly associated with ADL difficulty and ADL dependency, an interaction term was added to the logistic regression model, but was not significant for either outcome (data not shown).
DISCUSSION
Data from The 90+ Study provide several interesting findings about disability in the oldestold. Foremost, disability is very high in the oldest-old, and our findings are in agreement with other studies showing a rapid increase in disability with advancing age (Waidmann and Liu, 2000a) . Disability continues to increase past age 90, eventually resulting in almost 100% of centenarians having difficulty with one or more ADLs and 82% having difficulty with 5 to 6 ADLs. The current findings suggest a very high rate of disability in people aged 90 and older, a rapidly growing age group that will require significant medical care.
Because disability has been defined in different ways in recent studies, the data from The 90 + Study were analyzed using two different definitions. ADL difficulty was defined as finding one or more ADLs difficult to perform. This definition is rather inclusive, as it includes participants with difficulty of only one ADL. This definition has been used before to describe disability in several large studies, including the Medicare Current Beneficiary Survey (MCBS), the National Long term Care Survey (NLTCS) and the Census 2000 Supplementary Survey/ American Community Survey (C2SS/ACS) (Manton et al., 2006b; Minkler et al., 2006; Waidmann and Liu, 2000a) . A more exclusive definition of disability has also been used, in which a participant must require assistance from another person (or sometimes technology) before being called disabled (Schoeni et al., 2001; von Strauss et al., 2003a; von Strauss et al., 2000) . The 90+ Study defined ADL dependency as the need for help from another person on one or more ADLs. By using both definitions of disability, it became possible to compare the data from The 90+ Study to more studies of disability than if only one definition was used.
Our current findings show that 71% of 90 to 94 year olds find at least one ADL difficult. This value is almost identical to the 90+ prevalence values from the MCBS (71%) using the same disability definition (Waidmann and Liu, 2000a) . Other studies using the ADL difficulty definition in younger groups (85+) have found lower prevalence values (46% in the NLTCS (Manton et al., 2006b ) and 54% in the C2SS/ACS (Minkler et al., 2006) ). Although these groups include people aged 90 and older, it is unknown what percentage of the groups is made up by people aged 90 and older. The presence of many participants less than age 90 may be responsible for the large difference in the prevalence estimates between the 85+ groups and the 90+ groups.
Therefore, the estimates of disability in The 90+ Study seem to agree with findings from other studies. Most previous studies, however, do not specifically examine people over age 95. The 90+ Study disability prevalence estimates suggest only 8% of centenarians are independent on all six ADLs. These data are in contrast to more optimistic findings by Silver and colleagues (Silver et al., 2001) , who reported that 50% of centenarians are functionally independent or require only minimal assistance. In that study, functional ability was assessed using the Barthel Activities of Daily Living Index (Mahoney and Barthel, 1965) , which uses self-report of functional loss. Some evidence suggests that the Barthel Index has serious limitations in people over age 85, especially in the oldest-old, as they tend to greatly underestimate their own functional impairment (Sinoff and Ore, 1997) . This overestimation of functional ability may be partially responsible for the discrepancy between the current findings and the findings of Silver and colleagues.
Using the more exclusive criteria for disability, ADL dependency, 44% of participants aged 90 to 94 were considered disabled. Using similar criteria, the National Health Interview Survey (NHIS) found between 37% and 47% disability in 90 year olds (Schoeni et al., 2001 ) and the Danish 1905 Cohort Study found 57% disability in 92-23 year olds (Nybo et al., 2001a) . Although the findings are not identical, our current estimates of ADL dependency are comparable with findings from other studies that used similar criteria.
Our prevalence estimates of ADL difficulty and ADL dependency include data from institutionalized participants. We found that institutionalized people are over four times as likely to be disabled, regardless of the definition, suggesting that studies that do not include the institutionalized population may be underestimating disability. Indeed, the studies that tend to have lower disability prevalence estimates than our present findings do not include data from people living in institutions (Freedman and Martin, 1998; Minkler et al., 2006) . It is important to note that the NLTCS reported a lower prevalence of ADL difficulty (46% vs. 79% in The 90 + Study) and included seniors living in institutions (Manton et al., 2006b) . In that study, however, only 16% of 85+ year olds lived in an institution, compared to 43% of 90+ year olds in The 90+ Study, which may account for the discrepancy.
Women were twice as likely to have ADL difficulty and 50% more likely to have ADL dependency than men were. Whereas not all studies find gender differences in disability (Chen et al., 1995) , the current findings are consistent with numerous studies showing greater disability in women than in men (Lyons et al., 1997; Nybo et al., 2001b; Parker et al., 1997; von Strauss et al., 2000) . This gender difference seems to become more prominent with age (von Strauss et al., 2003a) and our data confirm that this continues in people aged 90 and older. This gender difference can be explained in different ways. Evidence suggests that disabled women may live longer than disabled men, resulting in the increased disability prevalence in women (Manton et al., 1997; Strawbridge et al., 1993) . Additionally, several studies have shown that the incidence of disability is higher for women, which could be responsible for the increased disability prevalence (Dunlop et al., 1997; Gill et al., 1995; Palmore et al., 1985) . In order to distinguish between these two possibilities in The 90+ Study, we plan to examine disability longitudinally.
Although the relationship between education and disability prevalence is well established, with higher rates reported in less educated groups (Guralnik et al., 1996) , education had no effect on the prevalence of disability in The 90+ Study. Previous studies that have shown an effect of education on disability prevalence have compared a wide range of education levels (Jagger et al., 2007; Melzer et al., 2001) . One possible reason why education was not a significant risk factor in the current study is that the participants in The 90+ Study are highly educated, with only 8% having less than a high school education. Because of this small range of education, the current analysis may not have the sufficient power to detect an effect of education on disability. It is also possible that the effects of education on disability are more easily detected when examining less educated populations.
Examination of the specific ADLs suggests that the most frequent ADL to become difficult for the oldest-old is walking. Difficulty with mobility is a major problem for the oldest-old and several studies have shown that the oldest-old have significantly more problems with walking than do younger age groups (Shumway-Cook et al., 2005; Shumway-Cook et al., 2007) . The results from The 90+ Study demonstrate that 70% of participants have problems with walking and mobility. The fact that walking problems are so common in the oldest-old may suggest that walking problems are some of the earliest functional problems in the oldest-old. In fact, of those participants who only reported difficulty in one ADL, 50% reported difficulty walking (data not shown). It is, however, important to note that very few participants were dependent for walking. Only 27% of those with disability were dependent for walking even though 70% found walking difficult. This discrepancy is likely due to the use of assistive devices (cane, walkers and wheelchairs) available for mobility difficulties, which allow for independence (even with difficulty). This hypothesis is supported by the fact that 89% of participants in The 90+ Study who reported difficulty walking also acknowledged using an assistive device for walking. Additionally, other behavioral modifications could help compensate for walking difficulty without requiring help, such as simply walking less or eliminating activities that would involve walking, creating a longer period in which walking is difficult but still independent. An important consideration, however, is that in the case of walking, the ADL dependency definition is malapropos. A participant who requires the use of a wheelchair for mobility (as 38% of our participants do) should be classified as disabled despite the independence their wheelchair provides. In this case, ADL difficulty may be a more valid measure of disability.
The ADL that most frequently caused dependency was bathing. The onset of bathing disability greatly increased the likelihood of developing disability in other ADLs (Gill, Guo et al., 2006) as well as admission into a nursing home . More than 51% of the participants in The 90+ Study were dependent on a caregiver for bathing, even though it was not the most frequent ADL to cause difficulty. Over 80% of participants who found bathing difficult were also dependent. These findings suggest that once bathing becomes difficult, it is very likely to require help from another person. Bathing and mobility devices have been reported as the most frequently used devices in 90-year olds (Ivanoff and Sonn, 2005) . It would seem that the mobility devices are much more successful than bathing aids in helping the oldestold maintain their independence. Even though 90 year olds are using bathing aids, help from a caregiver is still required in the majority of cases.
Several limitations should be considered when interpreting these results. First, although The 90+ Study is one of the largest studies dedicated to the oldest-old, the population is predominantly white, highly educated and upper class. Therefore, this population may have limited generalizability to other populations of people aged 90 and older. Similarly, the prevalence estimates only included data from 61% of the total cohort, and may represent a biased sample because those that were not included were slightly older. In both cases, these biases would likely cause the underestimation of disability. Second, The 90+ Study used data collected from informants, not from the participants themselves. Informant based measures of disability tend to overestimate disability, especially in the elderly (Todorov and Kirchner, 2000) . Although the bias with informant measures of ADLs can be significant (Magaziner et al., 1997) , the elderly tend to underestimate their level of disability in self-report measures (Sinoff and Ore, 1997) . The use of informant-based information allowed for inclusion of participants with cognitive impairment, which the authors felt was particularly important in this age group. Third, the sample size of the 100+ age group was relatively small (n=66), which makes interpretation of the findings difficult. It will be important for future research to focus on the functional abilities of this extreme aged group. Fourth, we did not examine to what extent the cause of the functional loss was due to cognitive impairment. Studies have suggested that cognitive impairment is associated with both increased prevalent (Di Carlo et al., 2000) and incident (Raji et al., 2004) disability. We are currently examining the role of cognitive impairment on disability in The 90+ Study.
The current findings suggest a potentially discouraging outlook for those entering their tenth decade of life. With the vast majority of participants meeting the criteria for disability, it is important to understand the impact of disability in the oldest-old. The annual per capita health care costs of those aged 85 and older in the US is almost double of those aged 65 (Alemayehu and Warner, 2004) . Additionally, the annual cost of health care for individuals with disability is almost triple the cost of the nondisabled (Lubitz et al., 2003) . Therefore, with the rapid increase in the number of oldest-old combined with the high prevalence of disability described here suggest that the situation will have tremendous medical and economic consequences in the years to come. In the coming decades, it will become increasingly critical to both promote better health as well as decrease health care costs in order to solve this global issue.
It is critical to understand that in order to treat the problem of disability in the oldest-old, one must make use of targets and interventions that are appropriate for the age group. Disability in the oldest-old is different from disability in younger groups. For example, an intervention designed to prevent disability incidence (such as exercise or nutrition) may not be effective in participants that are already disabled -as the majority of the oldest-old are. In people aged 90 and above, programs aimed at improving functional status must take into account the already high level of difficulty present, and make efforts to reduce the existing problems of nonagenarians and centenarians. Potential treatment programs targeting the oldest-old should focus on improving the functioning of the ADLs that already require help, such as bathing and dressing. Such programs could provide alternative ADL methods that are less complex, less physically taxing and easier to accomplish independently. Finally, it will be crucial to identify risk factors unique to the oldest-old that could be the basis for preventive interventions appropriate for this age group. Flow-chart of Participants Included in the Analysis. Participants were excluded if they could not be recruited or if an informant questionnaire was not completed. Individual ADL Disability by Severity. Whereas walking is the most common difficulty for the oldest-old, difficulty with bathing is the most common cause of dependency. 
